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suMMARY

An investigationhasbeenconductedintheLangleyfree-flight
tunnelforthepurposeofcomparingthedynamiclateralcontrolcharac-
teristicsofairplanemodelswithround-sndsharp-leading-edgewing
sections.Thetwodynamicmodelsused.intheinvestigateionhaddiffer-
entmasscharacteristics.Onemodelwasrepresentativeofa present-day
fighterairplanewithrespecttoinertia;theotherwasrepresentative
ofa possiblefuturetypehavingveryhighfuselageinertia.These
modelscouldbeequippedwitheithera 12-percent-thickbiconvexsection
wingoranNACA0012winghavingthe-sameunsweptplanforms.The
investigationconsistedofstaticandrotaryforcetestsmadeforthe
purposeofestablishingflightconditionsandflighttestsfromwhich

., thedynamiclateralcontrolcharacteristicsofthemodelswiththetwo
wings&re evaluated.

Fortheflightconditionsinvestigatednoapparenteffectofair-
foilsectionontheflyingcharacteristicsofthemodelhavinghigh
inertiainyawwasnoted,evenforlowvaluesofdirectionalstability.
!l!he,normal-inertiamodelequippedwiththeNACA0012wingshowedan
adverseyawingmotioninaileronrollswhichincreasedwithreduced
valuesofdirectionalstability;whenthismodelwasequippedwiththe
12-percent-thickbiconvexwing,however,almostnoyawingoccurred,even
atthelowestvaluesofdirectionalstability.Thedifferenceinthe
w- *acteristicsofthe-modelswiththetwowingswasattributed
totheeffectof Cnpjtherateofchangeofysxtng-momentcoefficient,
withrolling-angular-velocityfactor,whichwasadversefortheNACA
0012wingandfavorableforthe12-percent-t@ckbiconvexwIng.-

.

=ODUCTION

Theadventof
increasedinterest

thepresent-dayhigh-speedairplanehascaused .
inwingsectionshavingshaypleadingedges.
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SeveralNACAinvestigationsoftheaerodynamiccharacteristicsofsuch
wingshaverevealedthatsomeofthe.stabilityderivativesmaybequite
differentfromthoseofthemoreconventionalwingswithroundleading
edges.Forexsmple}theimportantlateral-controlparameterCnpjthe
yawingmomentduetorolling,hasbeenfoundtobegreatlyaffectedby
airfpi.1section.Inthemoderate-liftrangea shmpleading-edgeair-
foilmayproducefavorableyawingmomentduetorolling(positiveCnp,
whereastheround-noseectionsgenerallycauseunfavorableyawing

r

)
momentduetorollingnegativeCnp).Thiseffectofairfoilsection
wasthesubjectofaninvestigationmadeintheLangleyfree-flighttun-
neltodeterminethedynamiclateralcontrolcharacteristicsofairplane
modelshavingwingswitheithera round-leading-edgeairfoilsectionor
a sharp-leading-edgeairfoilsection.

Thetwodynamicmodelsusedinthisinvestigationhaddifferent
masscharacteristics.Onemodelwasrepresentativeofa present-~
fighterairplanewithrespecttoinertia(normal-inertia ndd)j the
otherwasrepresentativeofcapossiblefuturetypehavingveryhigh
fuselageyawinginertia(high-inertiamodel).Thesemodelswere
eqyippedwitheitheroftwounsweptwlngsjwhichwerethe sameexcept
thatonewasof12-percent-thickbiconvexsectionwhichhadfavorable
Y=- momentduetorollingandtheotherwasofNACA0012section
whichhadadverseyawingmcmentduetorolling.Thedirectionalsta-
bilityofthemodelswasvariedbysystematicchaugesinvertical-tail
size.

Theinvestigationconsistedofstaticandrotaryforcetestsmade
forthepurposeofestablishingflightcond.itionsjandflighttests
fromwhichthedynamiclateralcontrolcharacteristicsofthemodels
withthetwowingswereevaluated.Somestabili~parametersaffecting
thelateralmotionofthemodelswereestimated.

SYMBOLSANDCOEFFICIENTS

Theforcesandmomentsarereferredtothestabilityaxes}which
aredefinedasanorthogonalsystemofaxesintersectingattheairplane
centerofgravityinwhichtheZ-sxisisintheplaneofsymmetrysnd
pe?.pndiculartotherelativewind,theX-axisisintheplaneof
symmetryandperpendiculartotheZ-axisjandtheY-sxisisperpendicular
totheplaneofsymmetry.A diagram ofthesesxesshowingthepositive
directionofforcessndnmmentsispre~entedinfigurel.

CL
m

——.

synibolssmdcoefficientsare

liftcoefficient(Lift/q~)
dragcmfficienti(Drag/q*)

definedas follows:

-. . ..-~ ..- . . . . . . - .- —- --.,----
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pitching-momentcoefficient(M/qS@)

later~-forcecoefficient(Y/@w)

rolling-mmentcoefficient(L/qSwb)

yawing-momentcoefficient(N/qSwb)

rollingmoment,aboutX-sxis

pitchingmoment,aboutY-axis

ya~ moment,aboutZ-sxis

lateralforce,pouuds

d3msmicpresme,pounds

wingarea,squarefeet

persquarefoot ()-p

verticaltailsxea,squarefeet

wingspan,feet “

meanaerodynamicchord,feet(~ Lb” c’+

localwingchord,feet

distancealongY-exis

massdensityofair,slugspercubicfoot

airspeed,feetpersecond

angleof

angleof

angleof

angleof

sideslip,degrees(-w inforcetests)

yaw,degrees

roll,degrees

attack,de~ees

horizontal-tailincidence,degrees

rolling-angular-velocityfactor,radians

3
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Crp
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Cnp

Clp

CYp

Cnp

c2P

Cnr

Clr

I%

1%
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yawing-an@lar-velocityfactor,radians

rollinganguiarvelocity,radianspersecond

yam angularvelocilv,radisnspersecond I
rateofchangeoflateral-forcecoefficientwithangleof
sideslip,perdegree(*P$)

“&ectionsl-stabilityparameter
momentcoefficientwithangle

eff.ective-dihedrklparameteror
momentcoefficientwithangle

rateofchangeoflatersl-force

orrateofchangeofyawing-
ofsideslip,perdegree(acnja~)

rateofchangeofrol.l.ing-
ofsideslip,perdegree(~i/&)

coefficient,withrolling-

()acy
~-velocity factor,perradian g

/
rateofchangeofyawing-momentcoefficientwithrolling-

r)

Cn
angular-velocityfactor,perradian —@#

damping-in-rollderivativeorrateofchange-ofrolling-
momentcoefficientwithrolling-angular-velocityfactor,

()aqperradianb%

damping-in-yawderivativeorrateofchangeofyawing-moment
coefficientwithyawing-angular-velocityfactor,per

r)nradian —
a%

rateofchsmgeofrolling-momentcoefficientwithyawing-—

~angular-velocityfactor,perradisn

momentofT rtiaabouttheprincipal
*slug-feet

momentof~rtia abouttheprincipal

().acl
a~ “

longitudinalaxis,

lateralaxis,slug-feet2

.-
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1% momentofinertiaaboutprincipal

K% nondimensional
tudinalSXiS

K% nondimensional

radiusofgyration

radiusofgyration

K= nondimensionalproduct-of-inertia

((%
2 -KX02) )Cosq sin~

5“

normalaxis,slug-feet2

aboutprincipallongi-

aboutprincipalnormalaxis

parameter

7 angleofattackofprincipallongitudinalsxisofmodel,posi-
tivewhenprincipalaxisisaboveflightpathatnose,degees

z longitudinaldistancerearwardfroqcenterofgravitytocenter
ofpressureofverticaltail,measuredparalleltolongi-
tudinal.stabilitysxis,feet

“z verticaldistanceupwardfromcenterofgravitytocenterof
pressureofverticaltailmeasuredperpendiculartolongi-
tudinalstabilitysxis,feet

(Centersofpressureofallverticsltailswereassumedtobeat
25percentofthetailmeanaerodynamicchord.)

,.

APPARATUSANDMODELS

TheflighttestsweremadeintheLangleyfree-flighttunnelwhich
isdescribedinreference1. Theforcetestswere.madeonthefree-
flight-tunnelsix-componentbalancewhichisdescribedinreference2.
TherollingderivativeswereobtainedfromtheLangley20-footfree-
spinning-tunnelrotarybalancewhichisdescribedinreference3.

Themodelsconsistedoftwometalfuselagesofdifferentlen@h
andmasscharacteristicsuponwhichweremountedeithera 12-percent-
thickbiconvexsectioningwithsharpleadingedgeoranNACA0012sec-
tionwingwithroundleadingedge.Thetwowingshadthesameplan
forms.Conventionalhorizontalandverticalstabilizingsurfaceswere
used.Thevertical-tailsizewasvariedfrom3 to15percentofthe
wingarea.Thedimensionalsndmasscharacteristicsofthenormal-and
high-inertiamodelsareshownintableI andsketchesofthemodelssre
showninfigure2. Photographsofthehigh-andnormal-inertiamodels
arepresentedinfigure~.

DETERMINATIONOFSTABIHTYDERIVA3!IVES

OFFLIGET-TESTMOIIELS

Thestaticlongitudinalstability.characteristicsofthecomplete
modelsweredeterminedfromforcetestsmadethroughanangle-of-attack
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rangefrom0°to 20°. Thesetestsweremadeata dynsmicpressureof
3.0poundspersquarefoot,whichcorrespondstoa testReynoldsnumber
ofapproximately350,000,basedonthemeanaerodynamicchordof
1.38feet.Theresultsofthesetestsmadetodeterminethelift,drag,
andpitching+mmentcharacteristicsofthemodelsequippedwithboththe
biconvexwingandtheNACAOO12wingareshowninfigures4and5.

Thestatic-lateral-stabilityderi&bivesC%, CZP,and CYp
presentedintableIIweredeterminedfrommeasurementsofforceand
momentcoefficientsat5°end-5°yawforthemodelsequippedwiththe
largeandsmallverticsltailsandwereestimatedforthemodelswith
titermediatetails.’M addition,aileron-effectivenesstestsweremade
foreachwingata dynamicpressureof3.0poundspr squarefoot.

.

RotarytestsweremadetodeterminetherciUingderivativesofeach
wingalonethroughanangle-of-attackrangefrom0°to14° andofthe
completenormal-inertiamodelat0°and12°angleofattack.Therotary
testsweremadeata dynamicpressureof5.4poundspersqusrefoot,
whichcorrespondstoa testReynoldsnumberofapproximately590,000,
basedonthemeanaerodynamicchordof1.38feet.

Theresultsofrotarytests (% czP~-d ~P) ‘orthe
12-percent-thickbiconvexandNACA0012wingssreshowninfigure6.
~ese dataindicatethat Cn

3
ispositiveforthebiconvexsectionfor

anglesofattackabove6° an negative fortheNACA0012sectionthrough- “
outtheangle-of-attackrangeupto13°.Thegreatestdifference
betweenthepositiveandnegativevaluesof C% isshowntOoccurat
anangleofattackofabout12°.Itwasthereforedecidedtomakethe
flighttestsatthisangleofattackinordertoshowthemsximumeffect
ofairfoilsection.

Thedataoffigure6 also indicatethattheNACA0012winghas
seaterdamp

?
h rollthanthebiconvexwingthroughoutthean@e-of-

attackrange Czp morenegativebya constsntincrementofabout0.06).
Thisdifferenceinthevalueof CZP shouldcausethemodelwiththe
NACA0012wingtorollmoreslowlykhanthemodelwiththe12-percent-
thickbiconvexwingwiththesamesmountofaileronrollingmoment.The
ticrementddifferenceh Czp throughouttheangle-of-attackrangefor
thetwowingsisnotnecessarily~epresentativeoftheeffectofairfoil
sectionforsllwingplanformssinceunpublishedresultsforwingsof
dmilarsectionsbuthawing45°sweepandtaperratio1.00showedthat
above7 angleofattackthe12-percent-thickbiconvexwinghadgreater
dampinginrollthantheNACA0012wing.

Thedataoffigure6 also showthat Cyp fortheNACA0012wing
increasesmorerapidlywithangleofattackthanforthebiconvexwing
andhasa valueaboutfourtimesaslargeasthatofthebiconvexwing

,
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attheangleofattackofthe
encein Cyp,however,isnot
controllability-ofthemodels.

7
.

modelsintheflighttests.Thisdiffer-
believedtosffectappreciablythelateral

Thewingcontributionstotherateofchangeofyawing-mcmentcoef-
ficientwithyawing-angular-velocityfactorCnr andrateofchangeof
rolling-momentcoefficientwithyawing-angular-velocityfactorCzr
werecalculatedbythemethodsofreferences4 and5.

Inordertodeterminethetotalrollingandyawingderivativesfor
thecompletemodelsitwasnecessarytodeterminethecontributionof
thefuselageandverticaltailtoeachderivati~foreachflightcon-
dition.Thefuselagecontributiontoall.derivativeswhichwereesti-
matedwasfoundtobenegligible.Thevertical-tailcontributionsto
alltherollingaudyawingderivativesexceptCnp weredeteminedby
methodssimilartothoseofreferences5 and6,butsincerecentNACA
testshaveindicateda discrepancybetween~erimentalvaluesof
‘n%ail andvaluescalculatedbytheconventionalmethodofreference6,
estimationoftheverticsl-tailcontributiontothederivativeCnp
reqyiredspecialattention.Thisdiscrepancyisattributedtowing
interferenceontheflowatthetailsurfaceswhichisnotaccountedfor
inthemethodofreference6. Iuasmuchasthecalculatedvaluesof
‘nP*afldonotincludethisinterferenceeffectandexperimental
valuesweredeemednecesssry,rotarytestsofthenormal-inertiamodel
weremadewiththesmallverticaltailsonandoffforeachofthe
flightconditionsandforthezeroaugle-of-attackconditions.The
experimentalvaluesof ACnWafiasdeterminedfromtheseexperiments
andthewing-aloneexperimentsarepresentedinfigure7. Thetailcon-
tributionto Cnp ascalculatedbya methodsimilartothatofrefer-
ence6 isshownbythesolidlineinfigure7. Thedashedlineinfig-
ure7,whichrepresentsthecalculatedvaluescorrectedforwinginter-
ference,wasobtainedbydrawinga linethroughtheoriginparallelto
thecalculatedline.Inotherinvestigationsthisapproximatemethod
forcorrectingforwinginterferencehasbeenfoundtogiveest~ted
valuesof ‘nPtaflthatareinfairlygoodagreementwith~rimentsl
data.Inamuuchasthiscorrectionmethodslsoappearstogivefairly
goodagreementwiththelimitedamountof~rimentaldataobtained
fromtherotarytestsonthepresentmodel,itwasusedtoestimate
‘nptailfortheconditionsforwhichforce-testdatawerenotobtained.

Valuesofthevariouslateral-stabilityparametersaresumarized
foreachflightconditionintableII.”

.

. . . . . . . .. . . ... . .. . .—. — .— --.. — .—.. -— — —— --———— - ——— .—--—. -—-- . ---- -—-----—... , . .
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Theresultsoftheaileron-effectivenesstestsintheformof
valuesofrolling-sadyawhg-momentcoefficientsfor*12°aileron
deflection(fullcontrol)areasfollows:

NACA0012~ 12-percent-thick
biconvexwing

(d~g) ~z
I Cn cl I c~

E 0.031 -0.0050 -0.023 -0.0040
14 .028 -.0052 .023 -.0048

Theratiooftheaileronrollingmomentsforthetwowingsisaboutthe
sameastheratioof CZP forthetwowings(fig.6)fortherangeof
flightconditions(a fromI.l”to130),andthustheaileroneffectiveness
~ressedintermsoftheroUingvelocityperdegreeailerondeflection
shouldbethesame.“Sincetheyawingmmentsproducedbytheailerons
areaboutequalforthetwowings,anyappreciabledifferenceinthe
-c lateralcontrolcharacteristicsbetweenthetwowingsappears
tobeattributableprimarilytothedifferenceinairfoilsection.

FLIGHTTESTS

A listoftheflight-testconditionsispresentedintableII.”
FlighttestsofthemodelsweremadeatanglesofattackfromI-0.80to‘
13°whichcorrespondedtoa lift-coefficientrangeofabout0.5to0.6.
Theseflight-testconditionswereselectedsothatthemaximumeffect
ofairfoilsectionwouldbeobta5ned.Flighttestsweremadewith
eithertheNACA0012wingorthe12-percent-thickbiconvexwingmounted
onboththehigh-andnormal-inertiafuselageswithverticaltailsof
varioussizes.Tliemodelswbreflownforeachtestconditionwith
aileronsaloneandforsometestconditionswithcabinedaileronand
ruddercontrol.Forflightswithcombinedaileronandrudder,therud-
derdeflectionwasadjustedtoproducea yawingmomentapproximately
equalandoppositetotheadverseyawingmomentproducedbyaileron
deflection.Motion-picturerecordsweremadetosupplementthepilotfs
observationsofeachflightcondition.

. -. .

J

.
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RESULTSANDDISCUSSION

InterpretationofFlight-TestResults .

Thefli@tbehaviorofthemodelwasjudgedprincipallyonthe ‘
basisoftheamountofadverseyawingmotionobserved.Whenailerons
alonewereusedforcontrol,anadverseyawingmotionwasreadilydis-
tinguishablefroma favorableyawingmotioniftheyawingmotionwas
large.Whentheyawingmotionwassmall,hdwever,itwassometimes
difficulttodetermjnewhethertheyawingmotionwasfavorableor
adverse.Iuthesecasestheyawingmotioqwithaileronsalonewas
assumedtobeadverseiftheyawingmotioncouldbereducedbyusing
theruddertobalanceouttheadverseyawingmomentproducedby-the
ailerons.tiflight8withcombinedaileronandruddercontrol,differ-
encesinyawingcharacteristicsofthe-modelswiththetwowingswere
attributedto Cnp.

.
High-bertiallodel

.
Thehigh-inertiamodelwiththelargeverticaltailhadgoodflying

characteristicswithverylittleyawingmdionwhenequippedwitheither
thelQCA0012wingorthe12-percent-thickbiconvexwing.Theyawing
behaviorofthemodelwiththeNACA0012wingwasconsideredtobeabout
thesameasthatofthemodelwiththebiconvexwingdespitethediffer-
encein C% (-o.081forthe-NACA0012modeland0.018forthebiconvex
model).

Flighttestsofthemodeltith,theintermediatetail(conditionsII-a
andII-b,tableII)indicatedthatwitheitherwingthemodelwasslow
toreturntozeroyawefterbeingdisturbedbut,stillexhibitedno
evidenceofanydefiniteadverseyawingmotion.(Seefig.8.)

FlighttestsofthemodelwiththeNACA0012wingand.withthe
smallverticeltailinstalled(condition111,tableII)slsofailedto
revealanydefiniteadverseyawingmotion,butt~ sluggishnessin
returningframa disturbanceinyawwasverypronounced.ThiS sluggish-
nessofthemodelin-returningtozeroyawwasattributedtothelow
valuesofdirectionalstability(C% = 0.0003)-andthehighinertiain
yaw.

Throughouttheflighttestsofthehigh-inertiamodelnodefinite
adverseyawingwasobserved.Thisresultmaybeexplainedasfollows:
Themodelrolledmuchmorerapidlythanityawed,partlybecauseofthe
verysmallinertiainrollcompqredwiththeinertiainyaw (I% = 0.167
slug-ft2;I% = 1.616slu@t2]
momentsweremuchlargerthanthe
momentsduetorolling.Whenthe

andpart~becausetheaile~on-rolling
aileronyawingmomentsandtheyawing
modelrolledandyawingmomentswere-

.-—. .=. .——-= --—— .—--- . ..—. . . . —-..----,,.- —.. .- ;-- —-.— --- ---- —- - --——-- -. -. . ., ...‘. ,
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produced,therefore,thetire&”intervalbeforea rollintheopposite
directionoccurredwassoshort,becauseoftheinherentrapidrolling
response,thatthedirectionoftheyawingmomenthadreversedbefore
anydefiniteyawingmotionhada chancetodevelop.

l?ormal-~rtiaModel

Intheflighttests
meansoflaterslcontrol

#
inwhichtheaileronswereusedasthesole
andthenormal-inertiamodelwasequippedwith

theNACA0012wingandsmsllverticaltail(conditionIV-a)-tableII),
a relativelylsrgeemplitudeoadvz?rseymdngmotionwasobserved.In
thisconditionthepilotfoundthatthemodeluasdifficulttocontrol
andthatitrequireda greateramountofaileroncontrolthaniupre-
viousflights.Withthesameverticaltail,themodelequippedwiththe
1.2-percent-thickbiconvexwing(conditionIV-b,tableII)showedlittle
evidenceofadverseyawingandwasveryeasytocontrol.~ical ttie
historiesofthesetwoconditionsinwhichthemodelswerecontrolled
bytheaileronsalonearepresentedin’figure9. h thepilot1sattempts
tomaintainstraightW levelflight,themodelequippedwiththe
NACA0012wingwasfoundtorequiremorecontrolthauthemodelwiththe
biconvexwingbecauseofitsmoreerraticyawing.Thisincreasedcon-
trolisindicatedinfigure9 bytheincreasedlengthoftimetheflicker
typeofcontrol(fullon,fulloff)washeldon. A high-amplitude
rollingmotionresultedforthemodelequippedwiththeNACA0012wing,
anda high-emplitudeadverseyawingmotionwasintroduced-becauseof
tlieadverseyawingmomentsproducedbytheincreasedtimeofaileron
deflectionandthegreaterrol.liug.Theflightrecordsoffigure9

,.

indicatethattheratioofyawingtorollingamplitudeisapprmci-
mately0.8forthemodelequippedwiththeN4CA0012wingsmdonly
about0.3forthemodelwiththebiconvexwing.Thisdifferenceinthe
ratioofyawingtoroldingamplitudeisattributeddirectlytothedif-
ferencein Cnp forthetwo.wings(-0.045fortheNACA~12and0.058
forthebiconvex)sincetheaileronyawingmcmentsareaboutthesame ,
forthetwowings. -

Flightresultsforthemodelscontrolledbycambinedaileronsand
rudderforthesametwoconditions(IV-amd IV-b,tableII)are
presentedinfiguke10. iatheseflights,rudderdeflectionwas
adjustedtoproducea yawingmomentapprmimatelyequalaudopposite
totheadverseyawingmomentproducedbyailerondeflection.A compari-
sonbetweenthetime-historiesoffigures9 and10indicatethatthe
yawingmotionofeachmodelwasreducedbytheuseofruddercontrol.
Sincetheyawingamplitudesforbothmodelsaresmallerinfigure10
thaninfigure9,theyawingmotionsofbothmodelsappeartobe
definitelyadverseintheflightswithaileronsalone. .

.7T— . ..- —. --— - . .-.— .-

., . . . . . . . . . .
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Figure10‘showsthatthemodelequippedwiththebiconvexwinghad
verylittleyawingmotiondespitethefactthatthefavorableyawing
momentsinttiscaseweregreaterthantheunfavorableyawingmoments
ofthemodelwiththeNACA0012wingwhichhada definiteadverseyawing
motion.Thisdifferenceinyawingcharacteristicsisattributed,at
leastinpart,totheyawingmomentsproducedbytheproductofinertia.
Fora positivevalueoftheproduct-of-inertiaparameterKxz,a positive
rollingaccelerationwillproducea negative(adverse)yawingmoment.
Sinceq,theinclinationofthepr.ticipallongitudinalsxisofinertia,
waspositiveforallconditionsinthepresentinvestigation,thevslue
of Kxzwasalsopositive.Itshouldbeexpectedtherefoiethatrol.Qng
accelerationswouldproduceadverseyawingmomentsthatwouldtendto-
reinforcetheadverseyawingmomentsproducedby Cnp andopposethe
favorableyawingmomentsproducedbyhp.

. Inanattempttoreducetheeffectofadverse&p ontheflight
characteristicsof.themodelwiththeNACA0012wing,flightswith
aileronsaloneweremadewitha seriesoflargerverticaltailsto
increase‘thedirectionalstabilityanddampinginyawuntiltheflight
characteristicswereasgood-asthoseofthemodelwiththebiconvex
wingandthesmallverticaltail(conditionIV-b,tableII).Asflights
weremadewithprogressivelylargerverticaltails,a reductioninthe
smountofadverseyawingmotionwasnoted.Itwasnecessary,however,
tousea verticaltailoverfourtimesaslargeasthatofconditionIV-b
inordertoobtaincomparableflightcharacteristicsfortheNACA0012
wing. A the historyofa flightofthemodelwiththelargevertical
tail(conditionV)isshownh figureU. A comparisonofthistime
historywiththatoft~ biconvexmodelinfigure9 (conditionIV-b)
showsthattheamplitudesoftherollingandyawingmotionsforthetwo
conditionsaresimilar.Thefavorable.effectofthelsrgeincreasein
Cn~ “(O.OO1Oto0.0035)causedbyincreasingthevertical-tailareawas
probably
adverse

partlyoffsetbytheunfavorableeffectoftheincreasein
Cnp (-0.045to-0.062).(SeetableII.) -

CONCLUDINGREMARKS ..

A“flightinvestigationintheLangleyfree-flighttunnelofmodels
equippedwith~CA”OO12(round-leading-edge)and12-percent-thickbiconvex
(sharp-leading-edge)wingsindicatedthat,forthecrmditio&ofthetests,
noapparenteffectofairfoilsectionontheflyingcharacteristicsofa
modelhavinghighinertiainyawwasnoted,evenatlowvaluesofdirec- .
tionalstabili~.Fortheflightconditionsinvestigatedthenormal-inertia“
modelequippedwiththeNACA0012wingrevealedanadmsrseyawingmotion
whichincreasedwithreducedvaluesofdirectionalstability,-bqtwhenthe

.—- — — - .-—-.. .—.. .. ..----- . ——. -.p——— , ,-—— .——- .—-— ---- —-—.
.’. .. .. .,.
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modelwasequippedwiththe-l$?-percent-thick
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biconvexwingpractically
adverseyawingwasobserved,evenatthelowestvaluesofdirectional
stability.

.
no

. .

LangleyAeronauticalLaboratory
NationslAdvisoryCommitteeforAeronautics

● LangleyAirForceBase,Vs.,September5,1950
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W I.-DIMENSIONALANDMASSCHARACTERISTICSOFMOllELS

HighinertiaNormalinertia

Weight,lb. . . . . . . . . . . . . . . 17.8 14.4

Momentsofinertia:
IXo,slug-ft2. . . . . . . . . ..O 0.167 0.199

Iyo,slug-ft2. . . . . . . . . . . . 1.371 0.333

IZo,slug-ft2. . . . ... . . . . . . 1.616 0.551

Radiiofgyration:
K% . . . . . . . . . . . . . . . . . 0.138 0.142
K% . . . . . . . . . . . . . . . . . 0.429 0.278

Productofhertia:
Kxz . . . . . . . ...’.... . . . 0.0075 0.0162
~,deg. . . . . . . . . . . . . . . . 7.5 10.2

wing:
Area,sq’ft... . . . ..o. . ..O 5.33 5.33
Span,ft. o . . . . . . ..o. ..O 4.00 4.00
Aspectratio. . . . . . . . . . . . . 3.00 3.00
Taperratio. . . . . . . . . . . . . 0.50 0.50
E,ft. .o. .. o.. .. OOOO. 1.38 1.38
Rootchord,ft...,..... . . . . 1.78. 1.78
Tipchord,ft . . . . . . . . . . . . 0.89 0.89
Loading,lb/sqft. . . . . . . . . . 3.34 2.70
Airfoilsections. . . . . . . . . . . NACA0012 NACA0012

12-percent- 12-percent-
thick thick

biconvex biconvex

Taillength:
Z/b at a =0° (withsmallverticsl
tails). . . . . . . . . . . . ..O 0.740 0●477

.
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(a)Normal-inertiamodel. =&=-
L-66732

(b)High-inertiamodel.

Figure3.- ~ormal-andhigh-inertiamodels..
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Figure4.-Lift,drag,andpitching-momentcharacteristicsofthehigh-
inertiamodelequip~dwiththeNACA-0012and12-percent-thick
biconvexwings.Centerofgravityat0.20G;~ = -&.
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Figure5.- Lift,drag,andpitching-momentcharacteristicsofthe
normal-inertiamodelequippedwiththe.NACA0012and12-percent-
thickhiCOIWeXwings. Centerofgravityat0.155.
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Figure8.- The historiesofflightsofthehigh-inertiamodelcontrolled-
byaileronsalone.c% = 0.0013;K% = 0.138;KZO= 0.429.
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